Multiple regression models were developed for calculating the regression coefficients a and b of the Angström-type equation for estimating the monthly average daily global radiation on a horizontal surface for six major climates in Jordan. The equations for a and b were developed from the available values of these constants reported in the literature for locations across the country, along with the sunshine duration and the values of ground albedo (ρ g ). The developed correlations were tested for their applicability by estimating the regression constants and the solar radiation for six locations spread over the country, which were Irbid, Amman, Azraq, Al-Shawbak, Ma'an and Aqaba. The remarkable agreement between the estimated and experimental data of solar radiation in those locations suggests a wide applicability of the method for the locations with sunshine duration ranging from 0.7 to 0.8. The maximum and minimum percentages of error for those locations were found to be 6.3, 0.05%, respectively.
INTRODUCTION
The amount of energy incident on the earth's surface is rarely available and recorded only in specific locations, particularly in developing regions such as Jordan. However, solar radiation measuring equipment requires regular maintenance and calibration not to mention their high costs. One of the most well-known and simplest methods is the relationship (1) developed by Angström (1924):
where: a and b are coefficients that are given for the location in question and are shown in Table 1 , H 0 -the monthly average daily extraterrestrial radiation on a horizontal surface, MJ/m 2 .daily H -monthly mean daily solar radiation on horizontal surface, MJ/m 2 .daily n -monthly mean daily hours of bright sunshine, hours N 0 -Monthly average of maximum possible daily hours of bright sunshine (day length)
The coefficients a and b are shown in the last two columns of the Table. Unfortunately, it covers only 18 major locations in the world, and none of these is in Jordan or even nearby. The first two columns are concerned with climate types and vegetation, as illustrated by Table 2 (Duffie and Beckman, 2006) .
For example, Jordan's climate may be classified as desert or arid climate (BW) and its vegetation as broad leaf deciduous, shrub form, with the minimum height of plants reaching 3 ft, sufficiently far apart that they frequently do not touch (Dsi). In other words, the location in Table 1 that best simulates the climate type of Jordan is El Paso, Texas.
Rietveld (1978) analyzed various published values and noted that a is related linearly and b hyperbolically to the appropriate mean values of (n/N 0 ). The results were shown in equations (3) and (4): 
Hay (1979) developed a model that takes into account the optical properties of the cloud cover, ground reflectivity, and average air mass as in Eqn. 5 and 6:
Where ρ is the ground Albedo, ρ a is the cloudless-sky Albedo and ρ c is the cloud Albedo. The values of these factors are assigned to 0.2, 0.25, and 0.6, respectively, δ c is characteristic declination, N is the modified day length and excludes the fraction during which the solar zenith angle is greater than 85 degrees. Gariepy (1980) proposed a model for (a) and (b) which are dependent on the average temperature of the air and the precipitation amount as in Equations 7 and 8: = 0.3791 − 0.0041 − 0.0176
= 0.4810 − 0.0043 − 0.0097 (8) where: T is the temperature, P is the amount of precipitation. 
where: Z is altitude in kilometers. On the local level, several works were performed on predicting solar radiation, started by Al-Sa'ad (1990, 1991, 1993) , Gibril (1991), Hammad and Al-Sayeh (1991), Hamdan and Gazzawi, (1993) , Hamdan (1994) .
Al-Muhtaseb (2012) developed multiple regression models for four cities in Jordan using four independent variables which were weather condition parameters, including: sunshine duration, relative humanity, average temperature and max/min temperature ratio. The intercept and the coefficients are as the following: All of these works did not take into account the effect of climate type and vegetation, or ground cover, in the considered region. In this work, these effects will be taken taken into consideration for the first time in six regions of Jordan, mainly Irbid, Amman, Azraq, Showbak, Ma'an and Aqaba.
THEORETICAL ANALYSIS
The major driver of the Earth's climate and weather is the solar radiation, the energy rate which reaches the Earth is roughly 340W/m 2 , some of it is reflected back to space which is around one-third and while the remaining 240 W/m 2 is absorbed by the atmosphere, ocean and land, the amount of absorbed energy depends on the surface and the atmosphere reflectivity.
An energy balance is used by researchers and scientists using the so-called Clouds and the Earth's Radiant Energy System (CERES) which is a series of space-based sensors. Such sensors measure the reflected radiation from the Earth as a shortwave radiation (Albedo) and the thermal energy that the Earth emits as a long wave.
The albedo of the Earth, as indicated by ρ g is about 0.84 if its surface is completely covered by snow; 0.85 of the sunlight which hit it would be reflected. On the other hand Earth with a green forest canopy covering its surface is characterized by albedo of 0.14, as most of the solar radiation would be absorbed. Table 3 provides the values of Albedo for different cities, depending on the ground cover maps, vegetation maps, albedo tables and albedo data from NASA Earth Observatory (NEO).
A series of ground cover maps were released in 2006 by the Royal Jordanian Geographic Center (RJGC), based on the usage of digital classification of Landsat satellite images. Ground cover was divided into 18 classes which is a standard developed by the European Environmental Agency (EEA). Vegetation may be expressed by Normalized Difference Vegetation Index (NDVI), which is considered as a method to represent the vegetation level in a certain location. It is an index that indicates if the studied location includes green vegetation by analyzing remote sensing records; it can be obtained by means of equation (14).
where: ρred is the spectral reflectance records acquired in the red region and ρNIR is the spectral reflectance records acquired in near-infrared region Figure 4 represents values of NDVI which are 0.72 and 0.14 for a healthy and unhealthy vegetation, respectively.
Dense vegetation canopy has positive index values (0.33 to 0.85), whereas clouds and snow fields have a negative index.
The climate across Jordan, based on the rain distribution, is considered to be of the Mediterranean variety because the rainfall mainly occurs in winter and spring, despite Jordan is divided into nine bioclimatic regions, including: Regression analysis is a statistical method for predicting the relationships between variables. There are many techniques for studying and modeling the variables, the relationship between the dependent and independent variable is important, more specifically, the regression analysis shows how the value of the dependent variable changes when the value of one independent is variable while the other independent variable is fixed. The regression analysis provides the knowledge pertaining to which independent variables are of major effect on the dependent variable among various variables and examining the forms of the relationships which relate the independent with the dependent variables.
In the case of linear regression model, there is one independent variable that has a linear relationship with one dependent variable; there is one independent variable Χ i , and two parameters,β 0 and β 1 for modeling n data:
where: ε i -the error term and the subscript Y i which represents a specific observation. Y i -the dependent variable.
In multiple liner regression, there are many independent variables. 
This remains linear regression, despite that the right side is quadratic in the independent variable Χ i , and it is linear in the parameters β 0 and β 1 and β 2 .
In the first case of linear regression, equation (17) is used to predict the population parameters.
The residual is given by equation (18) and it represents the difference between the value of the dependent variable estimated by the model ̂ and the real value of the dependent variable . .
One method of prediction is the ordinary least squares. This method produces a parameter estimates that minimizes the sum of squared residuals (SSE) which is given by:
Minimization of this term leads in a set of normal equations, a set of simultaneous linear equations in the parameters, which are solved to yield the parameter estimators 0 ̂, 1 . . Figure 5 represents an illustration of a linear regression model on a data set.
In the case of a simple regression, the formulas for the least squares estimates are:
Where ̂ is the average of the X values and ̂ is the mean of the Y values.
Under the assumption that the population error term has a constant variance, the estimate of that variance is given by: 
Under the further assumption that the population error term is normally distributed, a researcher can use these estimated standard errors to create confidence intervals and conduct hypothesis tests about the population parameters.
The original Angström regression model is a linear model which connects the ratios of the monthly mean daily solar radiation to clear-day solar radiation on a horizontal surface and the mean fraction of possible sunshine hours (Following the treatment of Duffie and Beckman, 2006):
where: H c is Mean clear-sky daily solar radiation for the location and month in question.
Page (1964) and others have included H o rather than the clear-day solar radiation:
The values of the extraterrestrial solar radiation can be calculated by: 
RESULTS AND DISCUSSION
This part represents the mathematical model of the empirical coefficients (a) and (b) of Angström linear regression model that can be used to calculate the values of (a) and (b) for six major locations in Jordan from North to South: Irbid, Amman, Azraq, Showbak, Ma'an and Aqaba, (Lati- Figure 6 .
The second part of this section represents the linear Angström regression model for each location. H was calculated for each location by using the values of a, b, n/N 0 , and H 0 were compared and tested with the measured data.
Several values of a and b were selected for 15 locations which were reported in the literature across Jordan. These values were checked for their applicability. A certain standard for the values was that the regression should have a correlation coefficient higher than 0.9, The values of albedos were obtained from NEO for each location. The sunshine duration was collected from the literature and was calculated and averaged on yearly bases for each location.
The following equation (32) is the result of the multiple linear regression analysis which represents the dependence of (a) on the sunshine duration and albedo.
Multiple regression outputs are studied in order to test the validity. Table 4 shows the regression statistics for the coefficient a. The value of the adjusted R-square is 0.91, which indicates that there is a very good relationship between the coefficient (a) and the factors. The error of the studied data is negligible due to the low value of the standard error (0.030973589). Table 5 shows the analysis of variance (ANO-VA). The F-statistic is 71.98 with a probability of 2.07378·10 -7 which means that the null hypothesis is rejected and the reasons of the variance of the data is caused by the independent variables, proving the relationship between the dependent and independent variables.
In Table 6 it is clear that the predictor variables of albedo and sunshine duration are significant because both of their p-values are very small, i.e. 1.38E-05 and 0.002722, respectively. Table 7 shows the coefficients of the multiple regression equation; the very small values of standard error are an indication of the perfectness of the input data and the other values are within acceptable range. The following equation (33) is the result of the multiple linear regression analysis which represents the dependence of a on the sunshine duration and albedo.
Multiple regression outputs are studied in order to test the goodness. Table 8 shows the regression statistics for the coefficient b. The value of the adjusted R-square is 0.80. It can be concluded that there is a very good relationship between the coefficient b and the factors. The error of the studied data is negligible due to the small value of the standard error (0.05101747). Table 9 shows the F-statistics is 29.8848 with a probability of 2.18498E-05, which means that the null hypothesis is rejected and the reasons of the variance of the data is caused by the independent variables which prove the relationship between the dependent and independent variables. Table 11 summarizes the previous analysis of the coefficients a and b with the correlation coefficient and the standard error estimation for each equation. Table 12 provides the calculated values of Angström coefficients a and b using the developed equations 5 and 6 for each location. The values of albedo were obtained from NEO and albedo Tables. The following Figures 13 through  18 show a comparison between measured and theoretically estimated (predicted) solar radiation for the six Jordanian locations. The equation estimates are statistically significant as the critical value of t-stat is 0.338, which is between 1.96 and -1.96. The values of RMSE and MBE are in a very acceptable range, as shown in Table 13 .
The equation estimates are statistically significant as the critical value of t-stat is 0.791, which ranges between 1.96 and -1.96. The values of RMSE and MBE are within a very acceptable range as shown in Table 13 . The equation estimates are statistically significant, as the critical value of t-stat is 1.44 which ranges between 1.96 and -1.96. The values of RMSE and MBE are within a very acceptable range as shown in Table 13 . The equation estimates are statistically significant, as the critical value of t-stat is 1.374, which ranfes between 1.96 and -1.96. The values of RMSE and MBE are within a very acceptable range, as shown in Table 13 . The equation estimates are statistically significant, as the critical value of t-stat is 0.497, which ranges between 1.96 and -1.96. The values of RMSE and MBE are within a very acceptable range as shown in Table 13 . The equation estimates are statistically significant, as the critical value of t-stat is 1.796, which ranges between 1.96 and -1.96. The values of RMSE and MBE are within a very acceptable range, as shown in Table 13 .
From equations (32, 33) , one can see that a correlation exists between the constant a and b, the average related sunshine duration and the ground albedo. The current method is established on this relationship and is therefore superior to the methods that use coefficients of presumed worldwide validity. This new method provides an estimation with the error between the estimation and the measured values in case of outliers isolation lesser than 6.3% and overwhelmingly lesser than that for values of (n/N 0 ) ranging between 0.53-0.92, (5.17) , which are summed up in Table 14 .
For the third location (Azraq), March and April are characterized by the highest abs. error % Reliance of the coefficients on the related (n/N 0 ) was to be anticipated considering the nature of the constants, which depend on the climatological and vegetation classifications. Angestrom (1956) has mentioned that the average related sunshine duration in a specific location is a sign indicating the appearance of elevated clouds: the higher (n/N 0 ) , the higher the clouds. The elevated clouds are drier than the lower clouds so they absorb less shortwave radiation resulting in more sunlight that breaks through the clouds.
The vegetation classification (i.e vegetation type, greenness level and intensity) for a specific location is inversely proportional to albedo, the higher the vegetation level, the lower the amount of reflected shortwave radiation (Albedo), as shown in Figure 4 through NDVI. On the other hand, a reliance of the coefficients on the relative ground albedo is also expected for the same reason that is mentioned above, which results from the nature of the coefficients, Increasing the ground albedo will lead to an increase of the reflected shortwave solar radiation. Ground albedo is proportional to a coefficient and has an inverse relationship with b coefficient, as shown in Table  11 , and the equations in Table 12 .
As a result, Ma'an location has the highest albedo 0.38 due to the very poor vegetation level in that location and the sandy ground cover among the selected location. On the other hand, Irbid has the lowest albedo 0.167 due to the higher vegetation level (trees and crops) as shown in Table 3 and Figure 5 .
The equation estimates are statistically significant for the selected locations due to the values of t-test which are in the range of 1.96 --1.96. The values of RMSE are within a very acceptable range which is close to zero; however, the higher RMSE is for Azraq location (0.925) due to a large deviation for March and April which produce a significant increase in RMSE. The values of MBE are very small and close to zero; however, for Azraq location it is relatively high (-0.368) due to the same reason which was mentioned earlier.
It can be clearly seen the curves of the measured and estimated H from the Figures 13-18 for the selected locations are characterized by a very good match.
CONCLUSIONS
From the analysis conducted in this work, the following conclusions can be formualted: 
